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Backgroun d Of The ;rnvent-in^ 

The present invention relates to a method for 
isolating and purifying transferrin and lactoferrin 
receptor proteins from bacterial pathogens and to 
vaccines containing purified transferrin and/or 
lactoferrin receptor proteins and/or their derivatives. 

There are a number of important bacterial pathogens 
causing disease in humans and in animals for which 
effective vaccines are either absent or unsatisfactory. 
A number of these pathogens are relatively host 
specific with respect to their ability to cause natural 
infection. Bacteria such as Neisser-^^ lnenina^^.^,^^« ^ 
H^emophilUB Annuen??aft and Neisseria gonorrhoea*. 
continue to be an important cause of endemic and 
15 epidemic human diseases such as meningitis, otitis, 
epiglottitis, gonorrhea and urethritis. Similarly, 
fqst^WeHa haglolytj«?q, HaemophiHia S3mm§. and 
Pflgt?ttr?Ufl BUltPgj^a are important causative agents of 
pneumonic pasteurellosis and Infectious thromboembolic 
meningoencephalitis in cattle, in pigs, Actlnob.om„o 
.. (HaeTBjophjiMs) pleuropnenn^npf^^ is an important 
causative agent of infectious pneumonia. In poultry, 
the avian ft^eWQPhili, particularly Haemonhnim 
payqqalljnqpm , are responsible for infectious coryza. 

HaemophllMs innuepzae and Neisseria meninoii-ic^^ff are 
the most common cause of bacterial meningitis in young 
children. Despite available effective antibiotic 
therapy, significant mortality and morbidity result 
from meningococcal infection. The fulminant nature of 
the infection, coupled with the scant characteristic 



20 



25 



30 



clinical signs present in children under two y ars of 
age, may be a major factor contributing to continuing 
mortality and morbidity. 

Vacicines based on the capsular polysaccharide of the 
y^iSg^ria meningitidis bacterium were developed after a 
correlation was observed between the presence of 
antidapsule antibody and resistance to systemic 
meningococcal infections. These capsular 
polysaccOiaride vaccines are effective against infection 
caus^ by organisms from the A, C, and W-135 

■ ■•3' V* 

oapsuSa^ serogroups of meningococci. However, no 
effective vaccine is available against the most common 
serogzbup B meningococci. There is a poor humoral 
^espoi^e to the capsular polysaccharide vaccines in 
childiren less than two years of age who are at the 
higfitelt irisJc of infection from endemic disease. 
Further, capsular vaccines do not provide immimological 
miamory and the duration of immunity is relatively 
short. Although attempts to overcome the poor 
Immunc^enicjty by; chemical modification and conjunction 
to tetanus i^xoid show some promise, the results have 
to be bohsiOered in light of the demonstrated 
serological cross-reactivity of serogroup B capsule 
with ifenan fetal and infant neural tissue, in view of 
this ctimidera^^ dev^opment of a polyvalent 
pblysaibcharide vaccine that provides sufficiently broad 
coverage for prevention of endemic meningococcal 
disease ^e^ns unlikely. 

yrgisggyj^ gonorrhoeae causes gonorrhea which is 
plaguing the world in epidemic proportions, 
development of a gonococcal vaccine is of a high 
priority. 

Bovine pneumonic pasteurellosis, a major cause of 
economic lloss to the cattle industry, is primarily due 
to pagte^rglXa lias&OlX&isa. The experimental studies 
and field trials with vaccines containing £^ 
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ha^qplY^jgq have been inconsistent in reducing the 
incidence and s verity of the disease, inf ctious 
thronboeinbolic meningoencephalitis, an important caus 
of mortality in f edl t cattle, is caused by 
HagmQPhlAvg ssnms. There is currently no effective 
vaccine for the prevention of this disease. 
APtipobagmvs IflagfflPPhUttfT). Plenropn«>«»»T|t^ causes a 
contagious pneumonia in pigs which constitutes a major 
problem for the swine industry throughout the world. 
Vaccination with crude vaccine preparations have not 
been successful due to limited protection of 
heterologous serotypes. Infectious coryza in poultry, 
which is primarily caused by HaeTnophiliia 
payaqat^iPf^niTH , results in significant reduction in 
15 productivity in the poultry industry. 

Iron acquisition is essential for the growth and 
survival of bacterial pathogens in the host and for 
causing infection. Bacterial pathogens in the 
mammalian host are confronted with an environment in 
20 which the level of iron is extremely low. In the 

extracellular compartment, iron is sequestered by the 
proteins transferrin and lactoferrin, which predominate 
in serum and mucosal secretions, respectively. The 
ability to compete with lactoferrin and transferrin for 
25 xron is thought to be essential for the pathogenesis of 
many bacterial infections. Many bacteria manufacture 
iron-chelating compounds known as siderophores to 
facilitate iron acquisition from their environment. 
However, several pathogenic bacteria, such as Neiss^r-i;> 
»0 Weninqit4^jp , P?igSgrj?\ qonorrho^;^^^ and HaemoDhi1n>. 

influensqg do not produce siderophores, but rather 
acquire lactoferrin iron and transferrin iron directly 
for growth in vitro. 

Early observations of meningococci and gonococci by 
5 B.E. Holbein, I.w. DeVoe and P.P. Sparling and co- 
workers demonstrated that these bacteria can grow in 



the pTBB nee of transferrin or lactoferrin proteins and 
can use ircm from these pr t ins as the sole sourc of 
iron for growth. It was further established that 
separation of th prot ins from the cells with a 
dialyiis nonbrane e^ccluded the use of tremsferrin or 
lactoferrin' iron, indicating that soluble factors 
removing iron friom lactoferrin or transferrin were not 
involved, thus suggiesting that cell contact was 
necessary. Studies by F.P. Sparling and D.W. Dyer have 
deitonstrated that mutants specifically deficient in 
iron acquisition from transferrin are deficient in 
bindii^. 

The inechaiiism of iron acquisition from transferrin 
and lactoferrin has not previously been studied in the 
bacteria Pa^tg^r^Mft ha^m<?lYtl<?a , Haemophilus somnus , 
p^steiffglla EHi^SSi^, ActinobacmtiQ fHaemoohilusl 
pl^yr<?pi>^yffl9Tli^e Haemophilus suis . Haemophilus 
paraaallinaruTn or Haemophilua avium . 

By virtue of their functions, the transferrin and 
lactoiterrin reenter proteins are located on the 
surfaces of the bacteiria when in the host and are 
accessible to large jproteins. Thus, the receptors 
would be accessible to antibody-mediated host defenses. 
The transferrin and lactoferrin protein receptors are 
eissentlal for obtiiining iron for growth and for 
survival. Thx^^ the pathogen cannot lose its 
transferrin and/or lactoferrin receptors to evade 
immunii^ provided by vaccine antigens containing such 
receptor proteins. Any attempt at such an evasive 
technique would result in an inability to survive in 
the host. 

The xtature of the iron uptake process was not 
previously known, and identification and 
characterization of the lactoferrin and transferrin 
receptor proteins have not previously been possible. 
Nor have the lactoferrin and transferrin receptor 



proteins previously been isolated and purified. 
Further, no vaccine containing the r ceptor proteins 
has been previously developed. 

SiTwrnarv Of The Tnventjcwi 

The present invention overcomes the problems and 
disadvantages of the prior art by providing a method 
for isolating and purifying the lactoferrin and 
transferrin receptor proteins thereby facilitating the 
production of vaccines containing the lactoferrin 
and/or transferrin receptor proteins. 

It is an object of the invention to provide a method 
for identifying lactoferrin and transferrin receptor 
proteins in bacterial pathogens and isolating and 
purifying the same. 

It is also an object of the invention to provide 
single component vaccine antigens that are effective in 
the prevention of diseases caused by bacterial 
pathogens containing lactoferrin and transferrin 
receptor proteins. 

It is a further object of the invention to provide 
vaccine antigens that are effective in preventing 
bacterial pathogen diseases in young children. 

It is an additional object of the invention to 
provide vaccine antigens that exhibit superior 
immunological memory to current polysaccharide capsular 
vaccines. 

Additional objects and advantages of the invention 
will be set forth in part in the description which 
follows, and in part will be obvious from the 
description, or may be learned by practice of the 
invention. The objects and advantages of the invention 
will be realized and attained by means of the 
instrumentalities and combinations, particularly 
pointed out in the appended claims. 
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To .achiisve the objects and in accordance with the 
purpose of the inventi n, as embodied cuid broadly 
described herein, the present invention provides a 
method for isolating and purifying lactoferrin and 
5 transferrin binding proteins in membrane preparations 
frrai straiils expressing lactoferrin and/or transferrin 
binding activity by an affinity chromatography nethod 
described herein. 

Th€» present invention also provides vaccine antigens 
lb containing a preparation of purified lactoferrin and/or 
transferrin receptor proteins. 

A lactoferrin receptor vaccine antigen is provided 
eonprising a preparation selected from the group 
; consisting. of (l) a purified lactoferrin receptor 
15 protein isolated from a bacterium or an organism 

• expr^sing^a cloned lactoferrin receptor gene, (2) a 
derivative of a purified lactoferrin receptor protein, 
(3) a fusion protein containing all or part of a coding 
sec[uence of a lactoferrin receptor gene, and (4) a 
20 synthetic peptide whose amino acid sequence is based on 
the amino acid sequence of a purified lactoferrin 
receptor or on the nucleotide sequence of a cloned 
receptor gehe^ The preparation is typically suspended 
in 0.15 M sodium cdiloride, 0.05 M sodium phosphate, a 
Z5 buffer having a pH of about 7.4, thimerosal and 
optionally, : an adjuvant. 

The invention also provides a transferrin receptor 
vaccine antigen coji5)ri8ing a preparation selected from 
, the grot^ cbnsisting of (1) one or more purified 
it transferrin receptor proteins isolated from a bacterium 
' or an organism expressing at least one cloned 
transferrin; -receptor gene, (2) a derivative of a 
purified feri^nsferrin receptor protein, (3) a fusion 
protein cqntaining all or part of a coding sequence of 
»5 at least one transferrin receptor gene, and (4) a 

synthetic peptide whose amino acid sequence is based n 
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th amino acid sequence of a purified transferrin 
receptor prot in or on the nucleotide sequence f a 
cloned receptor gene. The preparation may be suspended 
in 0.15 M sodium chloride, 0.05 M sodium phosphate, a 
buffer having a pH of about 7.4, thimerosal and 
optionally, an adjuvant. 

The single-component vaccine antigens of the 
invention are effective against bacterial pathogens 
that acquire iron directly through transferrin and/or 
lactoferrin receptors. The vaccine antigens are also 
suitable for providing immunity to young children. 

The accompanying drawing, which is incorporated in 
and constitutes a part of this specification, 
illustrates an embodiment of the invention, and 
together with the description, serves to explain the 
principles of the invention. 



^^i^f Inscription Of The DrawiT.q« 

The drawing is a flow chart of an affinity 
chromatography method according to the present 
20 invention. 



Description Of tHa Preferred gm>.od1inf>n<-« 

Reference will now be made in detail to the present 
preferred embodiments of the invention. 

The lactoferrin receptor is a surface-accessible 
outer membrane protein, it has been found to have a 
molecular weight of about 106,000 in NeiaseriA 
cf9norm«?Qq^ and Hgiss^riq menincyltj«»B. The receptor 
is specific for binding lactoferrin. it does not bind 
transferrin or any other iron-binding proteins. 
Further, the receptor from Neisseria and Branhain^n 
species binds human lactoferrin with high affinity but 
does not specifically bind lactoferrin from other 
species. Expression of the receptor is regulated by 
the level of iron available to the bacteria possessing 
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the receptor. In the pr s nee of ample iron, v ry 
litti^ protein is produced. fOien iron is limited, 
' therms ,i^^ in the amoiint of receptor 

prot in produced. The receptor will not mediate iron 
5 acquisition or iron-dependent growth from lactoferrin 
obtained from other species. It binds iron-saturated 
human lactoferrin and human apolactoferrin with equal 
affinity. The lactoferrin receptor in Neisseria 
agninffiti^iif has been found to bind the following 
10 lactofierrln receptor specific monoclonal antibodies: 

Nos. 33-15-4, 33-188-2, 33-75-6, 33-36-16 and 33-19-3. 

a3ie 4±ansf errin receptor is composed of proteins 
lAiose expression are also regulated by the level of 
iron available to the bacteria possessing the receptor. 
15 m the presence of ample iron, very little protein is 
produced. When iron is limited, there is a dramatic 
increase in the amotint of receptor proteins produced. 
The transferrin receptor in the human pathogens 
y^isp^ffia B>^pj,nqitl<il1fi, Neisseria oonorrhoea^, . 
20 Hfteffiop^Alyg inf ^H?nga^ and Branhamella catarrhaHs . 

id.ll inediate iron acquisition and iron-dependent growth 
from faimah transferrin but not from transferrins 
obtained from other species, in cattle pathogens 
Pastettirella haemolvtimi. Haemophtlna somnuS f and 
25 Pagteufglla «mlt^l<la> the transferrin receptor will 
mediate iron'lHie^dant growth from bovine transferrin 
but not from transferrins obtained from other species. 
In pig pathogens A<;t inobaccn US pleuropneuinQn<A«> ^ 
ActinQ^pillT^S SSis, and Haemophilus suis . the 
30 transferrin receptor will mediate iron-dependant growth 
from porcine transferrin but not from transferrin 
obtained from other species. In poultry, the pathogens 
flaSBSZEbilHS Pgy^q^ll in^r^Tl r Haemophilns aallinarmn ) , 
and HAfflOPhit^s szi^ possess transferrin receptors 
35 that mediate Iron-dependant growth with avian (chicken 
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or turkey) transferrin, but not with transferrins for 
mammalian speci s, jUa*., human, porcine r bovine. 

The transferrin receptor consists of two out r 
membrane pr teins: (1) a higher mol cular weight 
5 protein of about 100,000 in fisisggEia meninaltfrt^^ , 

Wgis?CTi,a qpnorrftp^^fi and Haeaophnn,: infiHsn^; and 
(2) a lower molecular weight protein of from about 
65,000 to about 90,000 in various strains and species, 
in some species, such as Wgjssgrla m&ninai^iAi^ ^ the 

10 lower molecular weight protein can partially 

reconstitute transferrin binding activity after sodium 
dodecyl sulfate polyacrylamide electrophoresis and 
electroblotting. Both purified receptor proteins from 
ye^SP^riq meninaitir^<« can partially reconstitute 

15 transferrin binding activity after elution from an 
affinity column with guanidine hydrochloride and 
removal of the guanidine hydrochloride. 

The transferrin receptor binds transferrin but not 
other iron-binding proteins, in the human pathogens 

20 figisssEia iB^ninqti;id1P , iisiasgazia asaoEiiissas, 

Prantl?ffe;jq sat^rrhfllAa and Haeinophn«« influan».>^ the 
receptors bind human transferrin with high affinity but 
do not specifically bind transferrin from other 
species, m the bovine pathogens PasteuyelUfl 
25 ha^ffp^ytigg , Haemophilug soanua . and Pasteuran;^ 

]BIi2Jt2£ida, the receptors bind bovine transferrin but 
not transferrins from other species, m the pig 
pathogens ActinobRniniK^ PleuropneuTnnn<a>> , 
AgtAnpfrapniVff sais, and Haeinophiiti>» sjiig, the 
30 receptors bind porcine transferrin but not transferrins 
from other species, in the poultry pathogens 
Paeinopht^us paygq^Hipan^Tn f Haemophnna qallin^Tn,^) , 
and Baeffiop^ii^vf^ fljdsm, the receptors bind avian 
(chicken or turkey) transferrins, but not transferrins 
from mammalian species. The transferrin receptor from 
human pathogens binds iron-saturated human transferrin 



35 



with about ten-fold higher affinity than with which it 
binds hiuaan apbtransferrin and binds partially and 
fully deglycosylated human transferrin with equal 
affinity but does not bind hximan transferrin treated 
with mild peribdate oxidation. The transferrin 
receptor binds the following monoclonal antibodies: 
Nos. 36-4, 36-6, 36-104 and 32-58-5. 

Lactoferrin-binding activity in several Neisseria 
mgninqitiaiff strains, N. gonorrhoeae, N. lactamica and 
B. catarrhalis was determined using a solid phase 
binding assay with horseradish peroxidase-conjugated 
human lactoferrin or alternatively by using 
biotinylated human lactoferrin followed by horseradish 
peroxidase-conjugated streptavidin. Lactoferrin- 
binding activity was found to exist in all 
meningococcal strains tested. The expression of 
lactoferrin-binding activity closely parallels the 
expression qt transferrin-binding activity. Binding is 
specific for human lactoferrin. Neither bovine 
lactpf errin, hvpan transferrin, nor human hemoglobin 
block binding of horseradish peroxidase-conjugated 
himan lac±of eM Binding of lactoferrin is not 
dependent oil the level of iron saturation since iron- 
saturated lactoferrin and apolactoferrin are equally 
effective at blocking binding of HRP-lactoferrin in 
cos^etitive binding, assays. 

The lactoferrin-binding protein has been identified 
by batch affinity chromatography with biotinylated 
huinan lactoferrin and streptavidin-agarose in several 
bacterial strains. Biotinylated lactoferrin was bound 
to Ihtact total membranes and then was separated from 
free lactoferrin by centrifugation. The lactoferrin 
receptdci: oaapl&c was then soliibilized from the 
membranes/ separated from unsolubilized material and 
bound to a streptavidin-agarose resin by virtue of the 
biotin moiety attached to lactoferrin.' After washing 
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the resin, the b und proteins were eluted by boiling in 
sample buffer and analyzed by SDS-PAGE. Alternatively, 
the lactoferrin receptor protein can be elut d by 
increasing concentrations of guanidine hydr chloride. 
5 A protein having a aolecular weight of about 105,000 

was bound to the lactoferrin affinity resin when total 
membrane from iron-starved N. inenlncr<i-<H^^ B16B6, Group 
X and Group W135 was used. 

The mechanism of iron acquisition from transferrin in 
10 meningococci involves binding by a receptor on the 

surface of the bacterium, and the lack of accumulation 
of I-transferrin indicates that uptake is not due to 
internalization of a trans f err in-receptor complex, it 
is believed that the removal of iron from transferrin 
15 and the release of apotransferrin are subsequent steps 
in the uptake mechanism. There is a higher affinity of 
the transferrin receptor for iron-saturated transferrin 
than for apotransferrin. Since iron acquisition from 
lactoferrin also involves a surface receptor. It is 
20 believed that a similar mechanism of uptake exists for 
lactoferrin receptors. 

Transferrin-binding activity was detected in all 
strains of y^jssgrAq meninaitldip^ HaemophiliiB 
inflasnZaS, N. oonoT-r^ft^^a^, N. lactam^ff a and fi^ 
25 gatmhalja tested. Transferrin binding activity in 

all isolates tested was specific for human transferrin 
in that only human transferrin could effectively block 
binding of horseradish peroxidase-conjugated human 
trsmsferrin. 

The transferrin receptor was previously identified by 
SDS-PAGE and western blot analysis as a protein having 
a molecular weight of from about 75,000 to about 
88,000. However, a pure transferrin receptor was not 
isolated by that procedure. Also, the higher molecular 
weight transferrin binding protein was not identified 
by that procedure. The inventor developed an affinity 
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isolation method uising biotinylated transferrin and 
streptavidiiiragarose which resulted in the is lation of 
pure t^^sfigrrin rec pt r. Transferrin-binding 
proteiilb having a lover molecular weight ranging from 
about 58,000 to about 98,000 and a higher molecular 
weight protein of from aO^out 94,000 to about 106,000 
were isolated in the above strains, in the family 
Nelsseriaceae. affinity isolation with biotinylated 
transferrin yielded at least two proteins in all 
species tested, the higher molecular weight protein 
being about 98 kd in all isolates of Neisseria and 

about 105 kd in p. g^tayrh^lig^ 

The presfent inventor has found that the human 
transferrin receptor is present in all Haemophilus 
inif luenzae isotlates tested, but is not detectable in 
other Hft?ffi9Pl>?.itflg speciies or in the representative 
isolates from the genera Pasteurella or Actlnobaclllus , 
The absence of the human trcuisferrin receptor in other 
Ha?m9PhiIug species and in Actlnobacilliis and 
Pagteyrgllfl may be pertinent to the reason why these 
bacteria rarely cause invasive disease in humans. 
Similaurly, the inventor has detected a bovine 
transferrin receptor in all isolates of type Al 
Pasteurella haemolvtlca and Haemophilus somnus tested 
and in ^e of the isolates of Pasteurella multocida . 
Also, tibe inventor lias detected porcine transferrin 
binding in all isolates of Acttnobacim^ 
t>leurQPheumoniae teeted J Therefore, the presence of 
receptor correlate? well with the ability of these 
organians to cause disease in their receptive hosts. 

The vaccine zmtigen of the invention can be prepared 
from lactoferrin and/or transferrin receptor protein 
isola.te4 from bacterial pathogens causing disease. If 
a preparation is found not to be sufficiently 
immunogenic, an appropriate adjuvant, such as aluminum 
hydroxide, may b included in the vaccine prepsuration. 
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The lactoferrin and/or transferrin receptor protein 
is lates are included in the vaccine antigens f the 
invention in a pharmaceutically effective amount to 
achieve sufficient iamunogenicity. 
5 The vaccine antigens of the invention can be 

administered by an effective route of administration 
well known to those of ordinary skill in the art, for 
example, sub-cutaneously or intramuscularly. 
The invention will be further clarified by the 
10 following examples which are intended to be purely 
exemplary of the invention. 

Example 1: Identification And Characterization Of The 
Human-Lactoferrin Binding Protein Prom 

Neisseria Meninaitje^is 



15 



20 



Bacterial strains and growth rv anditions 



Wi WgninqitA^jp B16B6, a standeurd serotyping strain 
was (Attained from C. Frasch. Group x and group W135 
meningococcal strains were obtained from Foothills 
Hospital, Calgary, Alberta. Meningococci were grown on 
chocolate agar plates supplemented with CVA enrichment 
(GIBCO laboratories. Grand Island, N.Y.) in an 
atmosphere containing 5% COa- Freshly grown cells from 
chocolate plates were routinely used to inoculate 
25 liquid Mueller-Hinton broth (MHB) to a starting A of 
0.04 and were incubated with shaking for 16 hours prior 
to harvest. Iron starvation MHB normally contained 35 
MM EDDA (ethylenediamine di-ortho-hydroxyphenylacetic 
acid). The broth and culture conditions used for 
30 expression escperiments are indicated in Table i. 

Chemicals 

Horseradish peroxidase-conjugated human lactoferrin 
was obtained from Jackson Immunoresearch Laboratories, 
Avondale, Pa. Bovine lactoferrin was. from Accurate 
35 Chemicals, Westbury, N.Y. Human lactoferrin (L-8010), 



human transf rrin (T2252), and human hemoglobin (H7379) 
were from Sigma Chiemical Co., St. Louis, Mo. Biotin-X- 
NHS (bi tlnyl-€*aminocaproic acid N-hydroxysuccinimide 
ester) was from Calbiochfsm, San Diego, Calif. 
Streptavidin-agarose was from Bethesda Research 
Laboratories, Bethesda, Hd. The acrylamide gel 
exclusion column was from Beclanan Instruments, 
Fullerton, Calif. 

Preparation nt iron-bind ing proteins 

Iron saturation of human transferrin and lactoferrin 
and preparation of the apoproteins were achieved by 
methods described previously (A.B. Schryvers and L. 
Morris^ Molecular Microbiology, 2:281-288} except that 
an additional preparation of apolactoferrin was 
prepared wit^ the buffers used by Mazurier and Spik 
(Biochim. Biophys. Acta. 629:399-408.) Protein 
preparations were concentrated by ultrafiltration with 
an Amicbh Centriflo membrane cone (Amicon Corporation, 
Danvei:^, MA) prior to sterile filtration through a 0.2 
fOBL membrane. The iron saturation of the preparations 
was cbedced by measuring the absorbance at 465 nm. 

Biotinvlation of l actoferrin 

Preparations of iron-saturated human lactoferrin were 
equilibrated with 50 mM Trie hydrochloride (pH 7.5) 
buffer by cycles of gel filtration and xatrafiltration 
and diluted to 1 mg/ml. 250 ng of Biotin-X-NHS 
dissolved in 16 ^1 of dimethylformamide was added to 
each milliliter of the protein solution and the mixture 
was incubated with gentle agitation at 4*C for 2 hours. 
The reaction Was stopped by the addition of 100 iil of 
10 mg/ml glycine to eadi 1 ml portion, and the mixture 
was incubated for an additional 2 hours with agitation 
at 4"C. The samples were dialyzed against three 
Chang s f 50 mM Trls hydrochloride, pH 8.0, 100 mM 
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NaCl and one change of 50 nM Tris hydrochlorid , pH 
7,5, concentrated by ultrafiltration with an Amicon 
centriflo menbrane con and stored at 4*c. 

Preparation of n gnbranea 

Cells were harvested and washed in 50 m Tris 
hydrochloride, pH 7.5 buffer and resuspended at a 
concentration of 0.2 g of cells per ad in buffer 
containing 50 fig of phenylnethylsulfonyl fluoride per 
ml. After the cells were lysed by passage two times 
through a French pressure cell at 16,000 Ib/in^, 
cellular debris was removed by centrifugation at 8,000 
X g for 15 min. Crude total membranes were collected 
by centrifugation at 140,000 x g for 1 hour and 
suspended in the above buffer. Outer membranes were 
prepared from crude total membranes by selective 
detergent extraction with Sarkosyl NL97. Total 
membranes were diluted to 5 mg of protein per ml. and 
sarkosyl was added to 0.5%. The mixture was incubated 
on ice for 30 min. and the outer menibranes were 
collected by centrifugation at 180,000 x g for lo min. 
The pellet was resuspended in buffer and reextracted as 
above, and the final washed pellet was resuspended in 
buffer alone. 

3atch affinity isolation of htndino p r-^t"^'" 

20 /tg of biotinylated human lactoferrin or 
transferrin was mixed with 0.75 mg of total membrane 
protein in 1 ml of 50 «M Tris hydrochloride 100 mM 
HaCl, pH 8.0 buffer and incubated with gentle agitation 
for 60 min. at 37 'C. The membranes w#re pelleted by 
centrifugation at 16,000 x g for 10 min in an Eppendorf 
microcentrifuge and resuspended in l ml of buffer. 
EDTA was added to lo nH and Sarkosyl was added to 
0.75%, followed by 100 nl of a 1/2 dilution of 
streptavidin-agarose (Bethesda Research Laboratories, 



Betbdsda, Md.). After incubation at 22 'C for 60 min. 
the mixture was centrifugcd at 750 x g for 3 min. and 
th £hipematemt was removed. The affinity resin pellet 
was snibjected to one of three different washing 
regimens in which buffers of different compositions 
were added to the pellet and incubated for 10 min. at 
22* C, the mixture was centrifuged as above, and the 
supernatant was removed. The number of washing steps 
and tile buffer compositions for the different washing 
inethods were as follows. Washing method 1: Hash three 
times with 50 inM Tris hydrochloride, lOO iiH Nad, pB 
8.0 buffer containing lo mM EDTA and 0.5% Sarkosyl, 
followed by two washes with buffer without EDTA or 
detergent. Washing method 2: Wash three times with 50 
mM Tris hydrochloride, 1 M NaCl, pH 8.0 containing 10 
mM EDTA and 0.5% Sarkosyl, followed by one %reish with 
the above buffer without EDTA or detergent and a final 
wash with io mM Tris hydrochloride, lOO mM NaCl, pH 
8.0. Washing method 3: Wash three times with 50 mM 
Tris hydrodtiloride, l H NaCl, 250 mM guanidine 
hydrochloride, pH 8.0 containing lo mM EDTA and o.5% 
sarkosyl, followed by one wash with buffer without EDTA 
or detergent and a final wash with 50 ittH Tris 
hydrochloride, 100 mK NaCl, pH 8.0 buffer. After the 
final washing step, the pellet was suspended in 200 nl 
of saaiple buffer (0.2 H Tris hydrochloride, pH 6.81, 2% 
sodium dodebyl sulfate, 30% glycerol, 0.1% bromophenol 
blue) without reducing reagent and heated at 100 'C for 
5 min. to eiute bound proteins. After boiling, the 
saji5»le wa^ quickly cooled on ice for 1 min. and then 
ceatpifuged at 750 x g f or 3 min. The supernatant was 
immediktely transferred to a separate tube, and beta- 
mercaptdeth^nol was added to a final concentration of 
1.4 M. A 50 Ml portion of this sample was applied to a 
10% SDS^PA^ gel and electrophoresis was performed 
according to the method of Laemmli (Nature 227:680-685, 
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1970) . The SDS-PAGE gel was sliver-stained according 
to th method of Oakley t al. (Anal. Biochem 105:361- 
363, 1980) with the foil wing minor modificati ns. Th 
g 1 was first fix d overnight with a s lution of 25% 
isopropanol, 7% acetic acid. After removal of the 
developing solution, development was stopped with a 
solution of 0.35% acetic acid for 1 hour, and then the 
gel was washed with water. 



Lactoferrin bini ^inq assay 

The dot-binding assay for lactoferrin was performed 
essentially as described previously for transferrin- 
binding activity (A.B. Schryvers and L. Morris, 
Molecular Microbiology, 2:281-288, 1988) except that 
conjugated lactoferrin (250 to 500 ng/ml) was included 
in the binding mixture. The commercially prepared 
human lactoferrin has a ratio of peroxidase to 
lactoferrin of 1:1.5. Therefore, the concentration of 
conjugated lactoferrin used routinely ranged from 
approximately 1.8 to 3.6 nM (the average molecular 
weight of conjugated lactoferrin is 140,000). in 
competition experiments, mixtures of unconjugated 
proteins and conjugated human lactoferrin were prepared 
prior to application to the membrane. 

For expression experiments requiring quantitation, 
cell suspensions were adjusted to an A^^q of 10, and a 
series of nine two-fold dilutions were prepared and 
spotted onto the paper, in samples where significant 
binding protein expression was anticipated, the first 
dilution was a 10-fold dilution. A dilution series of 
the conjugated human lactoferrin was also applied 
directly to the same paper. After development with 
substrate and drying of the paper, the spots were 
measured with a BioRad model 620 Video Densitometer by 
using the reflectance setting and interfaced with a 
microcomputer with the Bio-Rad l-D Analyst software 
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packag (BiorRad Laboratories, Riclmond, Calif.). A 
standard carv was constructed from the areas under the 
peaks f r th diluti ns f conjugat . The measured 
areas under the peak for the dilution of samples were 
5 used to determine the amount of conjugate bound. Only 
pecUcs whose areas fell within the range of the values 
used to construct the standard curve were used for 
calculations. The protein concentration of the cell 
susi>ensions, determined by the assay of Lowry et al. 
10 (J. Biol. Chem. 193:265-275, 1951), was used to 

calculate the ambimt of binding protein bound per 
milligram of whole cell protein, and the initial A^^^ 
reading was used to calculate the amount of binding 
protein esgpressed per milliliter of culture volume. 
■ . . < . ' 

15 PetenBination of protein eoneenta-a»<ftif| 

* Prortein was e&timated by the method of Lowry et al. 
Vlth bovine , serum albumin as the standard. Preliminary 
protein concentration was determined by the rapid 
method described by Rylatt et al. (Anal. Biochem. 

20 121:213-214, 1982) with bovine serum albumin as the 
standard and were later verified by the Lowry et al. 
assay. ■■ 
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Tablg 1? Expression of Lactofen -ln-Binding AettvifeY 
Addition (s) (^M) Pinal A-_.b »• ^. . . 

to growth mediuma ng/mg ng/nl 



None 3.8 <22 <43 

EDDA (40) 1.8 5,800 3,300 

EDDA (60) 1.4 7,000 4,100 

EDDA (80) 1.1 7,300 3,400 

10 EDDA (100) 0.9 7,600 2,700 



+FeCl3 (120) 3.6 <30 <50 

+HHb (0.1) 1.7 7,600 5,200 

+^ (0.5) 2.3 7,800 6,400 

<43 
<44 



+HHb (2.0) 2.6 280 

15 +HHb (5.0) 3.7 <29 

+HHb (20) 3.8 <24 



+HTr (1.0) 1.8 7,100 4,100 

a. Growth medium consisted of brain-heart infusion 
20 broth with the indicated additions, HHb. Human 

hemoglobin: HTr, iron-saturated human transferrin. 

b. Cultures were inoculated with cells resuspended 
from fresh growth on chocolate plates to a starting 
^600 °* incubated at 37 'C for 16 h. The final 
^600 measured after 16 h growth with medium 
containing the indicated additions as a blank. 

c. Binding activity expressed as nanograms of 
conjugated lactoferrin bound per milligram of total 
cell protein or per milliliter of original culture 

30 volume was determined as described in the text. 

RESULTS 

Expression of lactoferrin-binding activity 

To evaluate the regulation of expression of 
lactoferrin-binding activity in N. menincn-^ ^Hjg, strain 
35 B16B6 was grown in broth containing a variety of 
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dlf f6i^ nt additions. Huiaan lactoferrin conjugated to 
peroxidas (HRP-lacto£errin) was used to detect 
lactbferrin-binding activity in intact aeningoc ccal 
cells. As shown in Table l, the level of eaqtression of 
5 lactoferrin-binding activity was low in cells grown in 
broth alone but was markedly increased by the addition 
of the synthetic iron chelator EDDA. The increased 
expression was dbown to be due to reduced iron levels, 
since addition of excess iron resulted in a return to 
10 the original Ipw levels of expression. The expression 
of lactoferrinr^inding activity closely paralleled the 
ejcpression of transf err in-binding activity. 

^e e34)eriiiient on the tine course of expression of 
transferrin-binding activity reported in a previous 
15 study (Figure 1 in A.B. Schryvers and L. Morris, 

Molecular Microbiology, 2:281-288, 1988) was performed 
in dt^licate and the lactoferrin binding assay gave 
essentially idisntical results (data not shown). Under 
these cbiidftions maximal binding activity was attained 
20 after 12 to 16. hrs incubation. 

The results in Table l also show that nezur-maximal 
leveZis of oqpression were achieved with intermediate 
^ levels of added EDDA. The level of lactoferrin binding 
activity oK^erved in this experiment was comparable to 
25 that achieved under'-mbre stringent iron-limiting 
conditions,, such as occurred when the cells were 
> exposed to ^ ''second Iron-limited growth cycle (data not 
shown) . As: Illustrated in Table l, provision of 
complfex irdti in the form of hemoglobin or humim 
30 transferrin partially reversed the growth limitation 

imposed by the high levels of EDDA without dramatically 
reducing binding activity. However, when higher levels 
of hemoglobin were added, expression of binding 
activity was repressed to undetectable levels. 
35 lActoferrin-binding activity was detected in 20 of 

20 meiiingococcal strains tested (data not shown), which 
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is consistent with previous observations that all 
meningococcal strains tested were capable of using 
lactof rrin iron for growth. 

Xdenttfipatlon of the lactoferrln binding pm^^^^ 
5 A batch method of affinity chromatography with 

biotinylated human lactoferrin and streptavidin-agarose 
was used to identify the lactoferrin-binding protein in 
several different meningococcal strains. A protein of 
approximately 105,000 molecular weight was specifically 

10 bound to the lactoferrin affinity resin when total 

membranes from iron-starved N, meningitidis B16B6 were 
used. When biotinylated lactoferrin was omitted from 
the procedure the band was absent, indicating that 
specific binding to lactoferrin was involved. The band 

15 was also absent when total membranes from iron- 
sufficient cells were used which is consistent with the 
observation that expression of lactoferrin-binding 
activity is strongly repressed by iron (Table 1). 
Although proteins of 70,000 and 38,000 molecular weight 

20 were also observed to copurify with the 105,000 

molecular weight band when mild washing was performed, 
they were successively removed by more extensive 
washing procedures. Under the conditions of elution, 
very little biotinylated lactoferrin was released from 

25 the resin (80,000 molecular weight), but inclusion of a 
reducing reagent in the sample mix prior to boiling 
resulted in an increase in this band observed by SDS- 
PA6E. A minor band of 37,000 molecular weight was 
observed In virtually all samples. Affinity 

iO chromatography using total membranes from group X and 
group W135 meningococcal strains identified a 
lactoferrin-binding protein of a similar molecular 
weight. The band observed at 70,000 Mj^ in these 
samples was due to inadequate washing, and the band at 
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37 , 000 was the CQxnmon contaminating band found in all 
samples, indludihg controls. 

The 105,000 mol culaf weight protein isolated from 
total membranes by affinity chromatography corresponded 
5 to a high molecular weight protein observed in outer 
membranes prepared from iron-deficient B16B6. The 
protein was iron-regulated in B16B6 and in group X. ^ 
The TO JcllOdialton (kDa) protein that copurified with 
the 105 kOa lactoferrin-binding protein migrated at the 

10 position of a preddninant protein found in outer 

maaabranes f rom iron-deficient B16B6. The protein was 
irbn-regulated in B16B6 and in group X, This protein 
was distinct from a trans f err in-binding protein in 
B16B6 identified previously which was the lower protein 

15 ;>* band isolated by using biotinylated transferrin. The 
lower-molecular weight transferrin binding protein 
varied in molecular weight between different 
meningococciil strains and was the only protein which 
retaiiied binding activity after SDS-PAGE and 

20 et),ectroblotting. In addition to the lover moleciaar 
; weight binding protein isolated with biotinylated 
transferrin* these samples contained a high molecular 
weight binding protein and biotinylated transferrin 
(band at 80 kDa) which was released during the boiling 

25 step, ibe separation of the 70 kDa protein and the 

lower mbleoalar weight transferrin-binding protein in 
strain B16B6 was. <^timized in an 8 to 10% gradient gel, 
but t^iese {aroteins co-migrated on stemdard 10% 
acrylamide SDS-PAGE gels. 

30 Eacample 2: Purification of Human Transferrin or Human 

Lactof errin Receptors and Incorporation 
into Vaccine Pren arationa 

(a) l^paration of Iron-deficient Total Membranes 
35 Ifeaingbcoccal cells resuspended from fresh « 

cultures on chocolate plates were used to inoculate 
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prewarmed Brain H art Infusion broth containing loo im 
EDTA to a starting Ag^^ of 0.02. The resulting culture 
was incubat d at 37'C with shaking for 16 hrs prior to 
harvest by centrifugation at 9,000 x g for 15 minutes. 
5 The cells were resuspended to 0.2 gm/ml in 50 DM 
TrisHCl, pH 8 buffer containing 50 Mg/nl 
phenylmethylsulfonyl fluoride. The cells were lysed by 
passing the suspension through a French pressure cell 
at 16,000 lb/in2 and cell debris was renoved by 
10 centrifugation at 9,000 x g for 15 min. Crude total 

membranes were collected by centrifugation at 140,000 x 
g for 1 hr and resuspended in 50 mM TrisHCl, pH 8 
buffer. 

(b) Affinity Isolation of Receptor Proteins 
15 0.9 ag of biotinylated human transferrin or 

biotinylated human lactoferrin prepared as described in 
Example 1 was mixed with 72 mg of crude total membrane 
protein in 60 xals of 50 mH TrisHCl, lOO mH KaCl, pH 8 
buffer and incubated for 1 hr at 22»c. The mixture was 
centrifuged at 9,000 x g for 15 minutes to collect the 
membranes and the pellet was resuspended in 60 mis of 
the above buffer and incubated for 10 minutes at 22 'C. 
EDTA was added to lo mM and Sarkosyl was added to 0.75% 
and the mixture was incubated a further 10 minutes at 
25 room temperature prior to centrifugation at 9,000 x g 
for 15 min. The supernatant was mixed with 5 mis of 
Streptavidin-Agarose (1-2 mg streptavidin per ml resin) 
and incubated at room temperature with gentle mixing 
for 1 hr. The resin was collected by centrifugation at 
500 X g for 10 minutes and resuspended in 80 mis of 50 
MM TrisHCl, 1 M NaCl, 10 mM EDTA, 0.75% Sarkosyl, pH 8 
buffer. The resin was again collected by 
centrifugation and washed two more times in the above 
buffer. After the final wash the resin was resuspended 
in 20 mis of the above buffer and poured into a 1 cm 



20 



30 
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diamet r chromatography colusm. The packed resin was 
washed with an additional 10 mis of 50 mM TrisHCl^ 1 M 
NaCl, 10 mH EDTA, 0.5% Sarkosyl and the rec ptor 
proteins wer eluted by application of a 60 ml gradient 
5 of Q to 3 M gusuiidine hydrochloride in 50 mM Tris HCl, 
IM NaCi/ 10 mH EDTA, 0.05% Sarkosyl. The fractions 
containing receptor proteins were pooled and dialyzed 
against two cbcuiges of 3 liters of 50 mM TrisHCl, pH 
7.5 buffer and one change of phosphate buffered saline 
10 (50 mk sodium phosphate, 150 mH NaCl, pH 7.4) and 

concehtzrated by ultrafiltration to a final volume of 1 
- ml. 

(c) Prepairation of Vaccine 

100 /ig of the purified receptor proteins in 1 ml 

IS of phosphate buffered saline was diluted to 2.5 ml in 
phosphate buffered saline containing 0.01% thimerosal, 
sterilized by passage through a 0.2 Aim filter and 
transferred aseptically to a sterile vial. A sterile 
prepairation of 20 mg of aluminum hydroxide in phosphate 

20 buffei^ ssLline was added to each vial prior to use. 
Alternatively, for animal studies, 50 fig of muramyl 
dlpeptide in 50 Ml of normal saline was added. 

Preliminary Evidence that the Bacterial 
Receptor for Evman Transferrin from 
Neisseria meningitidis is an Effective 
Vaccine Antigen 

Sixteen female Swiss Webster mice approximately 20 
grams weight, 6^7 weeks of age, were randomly split 
into foiir treatment groups and were subjected to the 
immunization protocols outlined in Table 3 below, l ml 
of sttt-ile saline (150 mM, NaCl) containing the 
indicated substances was injected intraperitoneal ly on 
day 1, day 9, day 16 and day 26. On day 30, 1 X 10*^ 
meningococci resuspended from overnight growth on 
Mueliep-Hinton agar plates containing 35 iM EDDA were 
injected intraperitoneally into each mouse. After 



Exas^le 3: 

25 
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twenty minutes, 20 ing of fully iron-loaded human 
transferrin in 1 ml of sterile saline was injected 
intraperitoneally into the same mic previously expos d 
to th challenge bacteria. The mice w r observed for 
a total period of 72 hours and the number of dead and 
surviving mice were recorded. 



TABLE 3 

Group! Immunizing Antigen* exogenous fsurvivers/total** 
Primary 2nd/3rd/4th hTf 

10 1 none none yes o/4 

2 MDP none yes o/4 

3 MDP + ' 
receptor receptor yes 4/4 

4 MDP + OM OM yes 4/4 

15 *MDP - 50 Mg of muramyl dipeptide, receptor - 

approximately 10 ng of transferrin receptor isolated 
from yej.sg?r^q meningitidis strain 81666 as described 
in Exaiuple 2, ON - 50 /ig of iron-deficient outer 
membranes isolated from Neisseria meningitidis by 

20 selective detergent extraction with Sarkosyl. 
**Mice were challenged with 1 X 10^ cells of 
meningococcal strain B16B6 grown on Mueller-Hinton agar 
plates containing 35 m EDDA. Twenty minutes after 
injecting the challenge bacteria, 20 mg of fully iron- 

25 loaded human transferrin was injected intraperitoneally 
as a source of exogenous iron. 

Other embodiments of the invention will be 
apparent to those skilled in the art from consideration 
of the specification and practice of the invention 

30 disclosed herein. It is intended that the 

specification and examples be considered exemplary 
only, with a true scope and spirit of the invention 
being indicated by the following claims. 
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CIAIM6 

What Is Claimed Is: 

1. A meth d for isolating and purifying 
transferrin receptor proteins from bacterial pathogens 
containing the sane comprising isolating an iron- 
deficient membrcine preparation from a strain expressing 

5 transf errin-binding activity, binding a biotinylated 
derivative of tremsferrin to said membrane, and 
isolating said transferrin receptor proteins by 
affinity c h romatography with a compound selected from 
the group consisting of immobilized streptavidin and 
10 immcibilized avidin. 

2. Ihe method of claim 1 wherein said 
bacterial strain is selected from the group consisting 

of H^Affggria wgningUiaiSr Hagmgphil^g influenzae, 

y^ipgeria gghorrtlgg^?, Wgjgggria laetamiea ■ Branhamella 

15 cati^hft^js , Pi^gt^ur^Ha haemolvtica. Pasteurella 
l&il£^£ida# P??wpphilUB somnus. Actlnobacl litis 
P3r?mr<?PnefflB<?nla? , Actlnobaeillug suls . HaenophllMs 
SSiS., ifa?mOPhiAyp Paraaallinamin. Haemohilya 
efallinftrvm/ and Haenophilua avium strains. 

20 3. The method of claim 1 wherein said 

bacterial strain is selected from the group consisting 
of Miff&erla neninaitidis. Haemophilus influenzae , 

. MgjlWggrA^ aoasEE&fiSaS, Neisseria laetamiea and 

Branhamella eatarrhalis strains. 
^9 -4. The transferrin receptor protein isolated 

' V and imrtiied by the method of claim 1. 

5. A method for isolating and pxirifying 
lactoferrin receptor proteins from bacterial pathogens 
containing the same comprising isolating a membrane 

lb preparation from a bacterial strain esepressing 
lactoferrin binding activity and purifying said 
lactoferrin receptor proteins from the membrane 
preparation by affinity chromatography. 



wo 90/12591 PCT/CA90/00131 

-27- 

6. The method of claim 5 wherein affinity 
chromatography is carried out using biotinylated human 
lactoferrin and streptavidin-agaros . 

7. Th method of claim 5 wherein said 

5 bacterial strain is selected from the group consisting 
of neisseria lBenAnqit1d1« , y^igs^rAa gonorrhoea*., . 
yeisggr^a Xaptamica and Pre^nhafflgHg catarrhaHa 
strains. 

8. The lactoferrin receptor protein isolated 
10 and purified by the method of claim 5. 

9. A vaccine antigen comprising a transferrin 
receptor protein preparation. 

10. The vaccine antigen of claim 9 further 
comprising sodium chloride, sodium phosphate, buffer 

15 and thimersol. 

11. The vaccine antigen of claim 9 wherein said 
transferrin receptor protein preparation is selected 
from the group consisting of a purified transferrin 
receptor protein isolated from an organism expressing 

20 at least one cloned transferrin receptor gene, a 

derivative of a purified transferrin receptor protein, 
a fusion protein having at least a portion of a coding 
sequence of at least one transferrin receptor gene, a 
synthetic peptide having an amino acid sequence based 

25 on the amino acid sequence of at least one purified 

transferrin protein, and a synthetic peptide having an 
amino acid sequence based on the nucleotide sequence of 
a cloned transferrin receptor gene. 

12. The vaccine antigen of claim 9 further 
30 comprising an adjuvant. 

13. The vaccine antigen of claim 12 wherein 
said adjuvant is aluminum hydroxide. 

14. The vaccine antigen of claim li wherein 
said preparation is prepared from a strain selected 

35 from the group consisting of Neisseria inentncTifc^ri<« ^ 
H^emophj,),yf^ inniienzae. Neisseria gonorrhnaff o^ 



Wejss^ria lasi^amisaf Branh^mella^ catarrhalls . 
Pastettrella haomolvtica. Pasteurella multoclda . 
H^^^ffiqjjlhiilt^s soinnus, Actinobaclllus pleuropneuinonlae , 
Actlnobacillus 3uis > Haemophilus suls . Haemophilus 
paraqalllnarum. Haemohllus aallinarum, and Haemophilus 
ayium 
strains. 

is. The vaccine antigen of claim 11 wherein 
said preparation is selected from a strain selected 
from the group consisting of Neisseria meningitidis , 
gaemopl^A3■qp infliiszizae, Neisseria gonorrhoeae, 
HelpffgrAa lactasiica, and Prgyi^amej^a catarrhalls 
strains. 

16. A vaccine antigen comprising a lactoferrin 
receptor protein preparation. 

17. The vaccine antigen of claim 16 further 
comprising sodium chloride, sodium phosphate, buffer 
and thimersol • 

18. The vaccine antigen of claim 16 wherein 
said preparation is selected from the group consisting 
of a purified lactoferrin receptor protein isolated 
from an organic expressing a cloned lactoferrin 
receptor gene, a derivative of a purified lactoferrin 
receptor protein, a fusion protein having at least a 
portion of a coding sequence of a lactoferrin receptor 
gene, a synthetic peptide having an amino acid sequence 
based on the amino acid sequence of a purified 
lactoferrin receptor and a synthetic peptide having an 
amino acid sequence based on a nucleotide sequence of a 
cloned lactoferrin receptor gene. 

19. The vaccine antigen of claim 18 wherein 
said prepauration is prepared from a strain selected 
from the grot^ cbnsisting of Neisseria meningitidis , 
yejsp^ria gonorrhoeae. Neisseria lactamica and 
Branh?m93lXa catarrhalls strains. 
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20. The vaccine antigen of claim 16 further 
comprising an adjuvant. 

21. The vaccin antigen of claim 20 herein said 
adjuvant is aluminum hydroxid . 

5 22. A vaccine antigen comprising a lactoferrin 

receptor protein preparation and a transferrin receptor 
protein preparation. 

23. The vaccine antigen of claim 22 further 
comprising sodium chloride, sodium phosphate, buffer 

10 and thimersol. 

24. The vaccine antigen of claim 22 further 
comprising an adjuvant. 

25. The vaccine antigen of claim 24 wherein 
said adjuvant is alxaminum hydroxide. 

15 26. The vaccine antigen of claim 22 wherein 

said lactoferrin receptor protein preparation and said 
transferrin receptor protein preparation are prepared 
from at least one strain selected from the group 
consisting of W^isgeyj^ meningUAgi^, Neisseria 

20 a2QQ£2:bssa£, Wetsg^rta lactamica. Branhamella 

12ata££MIl&, Haemophilus influenzae , Pasteurella 
ti?eTttolytA<?^ , pasteyygMq BMltogtdar Haemophilus gjSBim, 
Act:j.ilpb^<?illV3 pleuropneumoniaA, Actlnobae|l|^iiSp suis . 
"^Qy'QP^iJ^^s suis, Haemophilus paraaallinamiTO r 

25 HaemoniJiUs qaHinaymq, and Haemophilus avium strains. 
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